on behalf of the J-PCI Registry Investigators* Background--Scarce data exist about the outcomes after percutaneous coronary intervention (PCI) in old patients. This study sought to provide an overview of PCI in elderly patients, especially nonagenarians, in a Japanese large prospective nationwide registry.
B
ecause populations in advanced nations, including Japan, are aging thanks to the progress made in medical science, the number of elderly patients with coronary artery disease (CAD) undergoing percutaneous coronary intervention (PCI) has been increasing. [1] [2] [3] [4] Previous studies have reported that older patients have an increased risk for adverse outcomes during and after PCI compared with younger patients. 5, 6 However, details on the characteristics and outcomes after PCI in old patients, especially nonagenarians, remain uncertain, as such patients are often excluded from major clinical trials of cardiovascular interventions because of concerns about the increased risk of adverse events and limited life expectancy. 7 In addition, older patients with CAD are less likely than younger patients to receive invasive revascularization strategies, even in current clinical practice. 2, [8] [9] [10] Consequently, the sample size of this group of patients who underwent PCI was limited, and only dozens or hundreds of nonagenarians were included in previous studies. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Therefore, available data about outcomes after PCI in nonagenarians have differed widely. 23 In addition, although some previous studies have investigated clinical outcomes after PCI in nonagenarians with acute coronary syndrome (ACS), 2, 3, [12] [13] [14] [15] [16] [17] few have specifically examined this issue in patients with stable CAD. 11, 20 The purpose of the current study, which included one of the largest cohorts of nonagenarians who underwent PCI for both acute and elective indications, was to compare the in-hospital outcomes among elderly patients, including septuagenarians, octogenarians, and nonagenarians, in a contemporary Japanese nationwide coronary intervention registry.
Methods
The data, methods used in the analysis, and materials used to conduct the research will not be made available to any researchers for purposes of reproducing the results or replicating the procedure.
The J-PCI (Japanese percutaneous coronary intervention) registry is an ongoing, prospective, multicenter registry of the Japanese Association of Cardiovascular Intervention and Therapeutics, which was designed to record clinical characteristics and outcomes of patients who undergo PCI. [24] [25] [26] [27] Since 2013, it has been incorporated into the National Clinical Data system, which is a nationwide prospective online registration system. Each hospital has a data manager who is responsible for collecting PCI data and entering them into a computer database. The Japanese Association of Cardiovascular Intervention and Therapeutics holds an annual meeting of data managers to secure appropriate data collection and performs random audits to check the quality of registered data. The study protocol of the J-PCI registry was approved by the Institutional Review Board Committee at the Network for Promotion of Clinical Studies (a specified nonprofit organization affiliated with Osaka University Graduate School of Medicine [Osaka, Japan] ) and complied with the principles contained within the Declaration of Helsinki. Written informed consent was waived because of the retrospective and observational study design. The current study included patients who underwent PCI and were recorded in the J-PCI registry between January 2014 and December 2016. Overall, the J-PCI registry contained 680 579 patients who underwent PCI in this study period. We excluded 117 939 patients who were <60 years of age or had missing data for age, diagnosis, and in-hospital complications. As a result, a total of 562 640 patients ≥60 years of age who underwent PCI for ACS and stable CAD from 1018 Japanese hospitals were finally included in this study ( Figure 1) . Sexagenarians, septuagenarians, octogenarians, and nonagenarians were defined as patients between the age ranges of 60 to 69, 70 to 79, 80 to 89, and 90 to 99 years, respectively. A small number of centenarians (≥100 years of age, n=102) were included in the cohort of nonagenarians.
According to the J-PCI protocol, patients with ACS included those with ST-segment-elevation myocardial infarction (STEMI), non-STEMI, and unstable angina; and patients with stable CAD included those with non-ACS CAD, such as stable angina, old myocardial infarction, and silent ischemia. Cardiogenic shock was defined as a sustained episode of systolic blood pressure <80 mm Hg, a cardiac index of <1.8 L/min per m 2 determined to be secondary to cardiac dysfunction, and/or the requirement for parenteral inotropic or vasopressor agents or mechanical support, including an intra-aortic balloon pump, to maintain blood pressure and a cardiac index above the specified levels within 24 hours before the PCI procedures. Acute heart failure was defined as symptoms of heart failure within 24 hours before the PCI procedures, including dyspnea on mild activity, orthopnea, body fluid retention, moist rales, neck vein distention, and pulmonary edema, which were equivalent to congestive heart failure of New York Heart Association functional classification class IV. Chronic kidney disease (CKD) in this registry was defined as the presence of proteinuria, serum creatinine ≥1.3 mg/dL, or estimated glomerular filtration rate ≤60 mL/ min per 1.73 m 2 , according to guidelines from the Japanese Society of Nephrology (https://cdn.jsn.or.jp/guideline/pdf/ CKDguide2012.pdf). Successful PCI was defined as achievement of TIMI (Thrombolysis in Myocardial Infarction) flow grade III with a residual stenosis ≤25% in the target lesion.
Clinical Perspective
What Is New?
• Although populations in advanced nations are aging because of advancements in medical science, details on the characteristics and outcomes after percutaneous coronary intervention in old patients, especially nonagenarians, remain uncertain, because such patients are often excluded from major clinical trials of cardiovascular interventions.
• This study provided an overview of percutaneous coronary intervention in elderly patients (≥60 years of age), including 10 628 nonagenarians, in a Japanese large prospective nationwide registry.
What Are the Clinical Implications?
• Older patients, especially nonagenarians, had a greater risk of in-hospital death and bleeding than younger patients after percutaneous coronary intervention.
• Transradial intervention might contribute to the reduction of risk for periprocedural complications after percutaneous coronary intervention in elderly patients.
In-hospital complications included in-hospital death within 30 days after PCI, cardiac tamponade, cardiogenic shock during and after PCI, emergency operations, bleeding complications, and other complications. A bleeding complication was defined as a bleeding event during or after PCI requiring blood transfusion, including access-and non-access-site bleeding. The full definitions of these J-PCI variables are available online (http://www.cvit.jp/registry/jpci_definition.pdf).
For statistical analysis, continuous variables are expressed as meanAESD, and categorical variables are expressed as frequency and percentage. For the comparison of baseline clinical characteristics, angiographic data, procedural data, and in-hospital complications among sexagenarians, septuagenarians, octogenarians, and nonagenarians, continuous variables were compared using ANOVA, and differences between categorical variables were examined using Pearson's v 2 test. Logistic random-effects regression models were used to determine independent predictors of in-hospital mortality and bleeding complications. In the ACS cohort, we included the following variables: age (using sexagenarians as reference), female sex, history of heart failure, acute heart failure, presentation or diagnosis (using unstable angina as reference), cardiogenic shock, diabetes mellitus, CKD, 3-vessel disease, left main trunk (LMT) lesion, and access site (using transfemoral intervention as reference). In the stable CAD cohort, we included the following variables: age (using sexagenarians as reference), female sex, history of heart failure, diabetes mellitus, CKD, 3-vessel disease, LMT lesion, and access site (using transfemoral intervention as reference). In addition, the precise relationships between age (continuous variable) and in-hospital adverse outcomes were summarized using cubic splines. We included institutes as a random intercept in all multivariable models. All variables had <3% missingness. To account for missing data, single imputation was used for each variable: "male" for sex, "STEMI" for type of myocardial infarction, "transradial intervention" (TRI) for access site, and "no" for others. All statistical calculations and analyses were performed using R statistical software, version 3.3.3 (Free Software Foundation, Boston, MA). P<0.05 was considered statistically significant.
Results
Baseline characteristics of the 562 640 study patients who underwent PCI for ACS or stable CAD, stratified by age, are shown in Tables 1 and 2 . A total of 209 928 patients (37.3%) underwent PCI for ACS and 352 712 patients (62.7%) underwent PCI for stable CAD. Among them, 6780 patients (1.2%) in the ACS cohort and 3848 patients (0.7%) in the stable CAD cohort were nonagenarians.
Overall, older patients were more frequently women and had a greater frequency of comorbidities, such as heart failure Tables 3 and 4 . Procedural success rate was lower in older patients than in younger patients in the ACS cohort. In addition, older patients had a higher rate of in-hospital Tables 5 and 6 , respectively. When the reference group comprised sexagenarians, multivariable analyses showed that septuagenarians, octogenarians, and nonagenarians were at greater risk of inhospital mortality and bleeding complications in both ACS and stable CAD cohorts (Figure 2 ). Adjusted odds ratios (ORs) increased gradually in the higher age groups, and nonagenarians had the highest risk of in-hospital mortality (OR, 3.60; 95% CI, 3.10-4.18; P<0.001 in ACS; OR, 6.24; 95% CI, 3.82-10.20; P<0.001 in non-ACS) and bleeding complications (OR, 1.79; 95% CI, 1.35-2.36; P<0.001 in ACS; OR, 2.70; 95% CI, 1.68-4.35; P<0.001 in non-ACS). In addition to the age groups, female sex, acute heart failure, acute myocardial infarction, cardiogenic shock, CKD, 3-vessel disease, and LMT Spline curves (Figure 3 ) demonstrated the nonlinear relationship between age and in-hospital adverse outcomes (inhospital death or bleeding). The risks of in-hospital adverse outcomes rapidly increased at ≥80 years of age and further escalated in nonagenarians (≥90 years of age) in both ACS and stable CAD cohorts.
Discussion
This is the largest study to date reporting in-hospital outcomes after PCI in old patients, such as octogenarians and nonagenarians, compared with younger patients in both ACS and stable CAD cohorts. The most important advantage of this study was inclusion of the largest number of nonagenarians who underwent PCI in a single contemporary registry.
Of the advanced nations, Japan harbors the largest number of older patients with CAD in a seriously aging society. Previous studies reported that most nonagenarians underwent PCI for ACS, especially with a diagnosis of STEMI. 4, 8, 11 By contrast, our study results showed that PCI was performed even in selected nonagenarians with either ACS or stable CAD. The current Japanese situation may be related to the increased life expectancy associated with advancements in medical science. The Japanese national statistical survey from the Ministry of Health, Labor, and Welfare reported that the mean life expectancy of individuals who were 90 years old in 2015 was 4.38 years for men and 5.70 years for women (https://www.mhlw.go.jp/english/database/db-hh/; Chapter 2, Table 1-43). Taking these relatively long life expectancies into account, it may be reasonable to perform PCI for selected nonagenarians with either ACS or stable CAD.
Although advanced age itself is not a contraindication of PCI, there are a paucity of data about the outcomes after PCI in these patients. This is because old patients, such as nonagenarians, are often excluded from major clinical trials of cardiovascular interventions largely because of concerns about the increased risk of adverse events and limited life expectancy. 7 In addition, PCI remains underused in elderly patients, even in current clinical practice. 2, [8] [9] [10] Because none of the randomized clinical trials on coronary intervention have included sufficient numbers of nonagenarians, outcome data of this high-risk patient group should be collected from large-scale multicenter registries, as described in this study. 1 Some previous small registry-based studies reported the outcomes after PCI in dozens or hundreds of nonagenarians. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] However, study results, particularly about outcomes in nonagenarians after PCI, have differed widely mainly because of limited sample sizes. 23 The in-hospital mortality of nonagenarians who underwent PCI has been reported to vary from 4.1% to 34.2%, 2-4,12,13,15-21 and major bleeding complications in these patients range from 0% to 25.0%. 2, 12, [16] [17] [18] [19] Accordingly, the available data on the outcomes after PCI in nonagenarians have significant limitations and should be generalized to real-world practice only with utmost caution. In the contemporary nationwide registry used herein, the in-hospital mortality in nonagenarians who underwent PCI was 5.2% in the ACS cohort and 0.6% in the stable CAD cohort. In this group of patients, bleeding complications requiring blood transfusion occurred in 1.1% in the ACS cohort and 0.6% in the stable CAD cohort. Although mortality and bleeding events were observed more frequently in older than in younger patients, these results might be acceptable in comparison with previous studies. [2] [3] [4] 12, 13, [15] [16] [17] [18] [19] [20] [21] Recent developments in devices and techniques, including TRI, newgeneration drug-eluting stents, and smaller sheaths and catheters, may be associated with the improvement in procedural outcomes after PCI in elderly patients. 4, 11, 12 In fact, more than half of the patients in the ACS cohort and approximately two thirds of those in the stable CAD cohort underwent transradial PCI, with a high procedural success rate in this registry. More important, on multivariate analyses, TRI was an inverse-independent predictor for both in-hospital mortality and bleeding complications in both ACS and stable CAD cohorts. The relatively low incidence of bleeding complications in this registry may also be related to the frequent use of radial access in Japan. 25 Taking these study results into account, TRI plays a pivotal role in current PCI practice and should be especially considered for elderly patients with a high risk of bleeding. 11, 12, 15 Although advancement in technologies may enable elderly patients with multiple comorbidities to undergo invasive treatment with acceptable outcomes, it must be recognized that age is one of the strongest predictors of adverse outcomes after PCI. 5 Batchelor et al 6 reported that there was a curvilinear relationship between age and mortality rate, ranging from 0.5% for patients <55 years old to nearly 5% for patients >85 years old. Largely consistent with previous studies, adjusted ORs for in-hospital mortality and bleeding complications after PCI increased gradually in the higher age groups in this study. The OR for in-hospital mortality was >3-fold higher in nonagenarians compared with sexagenarians in the ACS cohort, and >6-fold higher in the stable CAD cohort. Because patients with ACS are at high risk regardless of age and PCI is associated with better outcomes, even in elderly patients, 3, 8, 9, 28 undergoing PCI in patients with presentation of ACS may be reasonable, even in selected nonagenarians. By contrast, taking the higher ORs for adverse outcomes in nonagenarians into account, indications of PCI for stable CAD in old patients should be considered carefully. In addition, in old patients with stable CAD, it remains unclear whether PCI Figure 2 . Adjusted odds ratios for in-hospital mortality and bleeding complications in each age group. Separate multivariable logistic regression analysis was performed for in-hospital mortality and bleeding complications in each cohort. Adjusted models include age, female sex, history of heart failure, acute heart failure, presentation or diagnosis, cardiogenic shock, diabetes mellitus, chronic kidney disease, 3-vessel disease, left main trunk lesion, and access site in the acute coronary syndrome cohort (A and C); and age, female sex, history of heart failure, diabetes mellitus, chronic kidney disease, 3-vessel disease, left main trunk lesion, and access site in the stable coronary artery disease cohort (B and D).
is associated with better prognosis in comparison with conservative treatment, such as optimal medical therapy. Cubic spline curves also demonstrated that higher age (particularly ≥80 years of age) was significantly associated with a higher rate of in-hospital adverse outcomes, and this rate further escalated in nonagenarians (≥90 years of age). The decreased complication rates in patients with an extremely high age (≥95 years of age) in the stable CAD cohort were observed mainly because of the limited sample size and selection bias in this group of patients. Figure 3 . Cubic spline models for in-hospital mortality and bleeding complications. Separate cubic spline modeling was performed for inhospital mortality and bleeding complications in each cohort. The smoothed spline plots are shown as a blue line, and the gray area represents the 95% CIs. Adjusted models include age, female sex, history of heart failure, acute heart failure, presentation or diagnosis, cardiogenic shock, diabetes mellitus, chronic kidney disease, 3-vessel disease, left main trunk lesion, and access site in the acute coronary syndrome cohort (A and C); and age, female sex, history of heart failure, diabetes mellitus, chronic kidney disease, 3-vessel disease, left main trunk lesion, and access site in the stable coronary artery disease cohort (B and D).
The causes of poor outcomes after PCI in elderly patients are considered to be multifactorial. First, older patients tend to have a higher prevalence of comorbidities than younger patients, especially CKD and heart failure, and these are known predictors of adverse outcomes after PCI. 1, 9, 11 Other unmeasured confounders, including frailty, malnutrition, diseased immunity, and cognitive impairment, may also affect adverse outcomes. Second, older patients are more likely to have complex CAD, including tortuous and calcified lesions, multivessel disease, and significant LMT lesions. 2, 4, 13, 15, 17, 20 More important, in the ACS cohort of this study, older patients were more likely than younger patients to present with cardiogenic shock. These results are consistent with previous studies that reported a strong association between shock status and in-hospital mortality, even in nonagenarians. 1, 4, 18, 19 Older patients with ACS tend to have atypical or no symptoms more frequently than younger patients, which may result in treatment delay and a higher prevalence of cardiogenic shock on admission. 15, 22, 28 Last, older patients tend to receive fewer guideline-recommended medications, including statins, renin-angiotensin system inhibitors, and b blockers, than younger patients, largely because of concerns for the increased risk of adverse effects. 9, 28, 29 The management of old patients with CAD is still challenging, even in current clinical practice, and patient selection for an invasive revascularization strategy is the most important issue. The high-risk profiles of periprocedural complications, including mortality and bleeding, along with clinical, functional, and cognitive status of the patients should be considered appropriately when performing PCI for elderly patients.
Study Limitations
This study had several important limitations. First, it was not a randomized controlled trial but an observational clinical study. Although this study included one of the largest numbers of nonagenarians who underwent PCI in a single contemporary registry, results should be cautiously interpreted to real-world practice because of its observational nature. Second, we analyzed data from patients who underwent PCI, but the J-PCI registry did not include patients with CAD undergoing coronary artery bypass grafting or receiving only conservative medical therapy. In addition, we did not record data about activities of daily living, cognitive function, financial status, and overall frailty of the elderly patients. 29 These factors might have been associated with the selection of the patients for an invasive revascularization strategy. Although we performed multivariable logistic regression analyses to adjust for covariate imbalances, residual confounding factors might not have been completely adjusted for in our statistical models. Third, lack of long-term follow-up results and lack of data about quality of life after PCI were also important limitations. Fourth, the definition of bleeding complications in this study was different from standardized definitions, such as the definition from the Bleeding Academic Research Consortium criteria, 30 which may have resulted in an underestimation of the actual incidence of bleeding complications after PCI. Last, precise data about medical therapies, including antithrombotic agents and the size of sheaths and catheters, were lacking in this study. These factors might be associated with the rate of complications after PCI, particularly bleeding events.
Conclusions
In current Japanese clinical practice, PCI is performed in old patients, including selected nonagenarians, either with or without ACS. Older patients, especially nonagenarians, carry a greater risk of in-hospital death and bleeding after PCI than younger patients. TRI might contribute to risk reduction for periprocedural complications after PCI in elderly patients.
